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(57) ABSTRACT 

A printing system includes a plurality of printers, at least a 
?rst and a second of the plurality of printers printing in a ?rst 
print modality. A scheduling system schedules printing of a 
set of pages by the plurality of printers. The set of pages, 
When assembled, may include pages Where a high level of 
consistency is desired, such as facing pages or pages Which 
are otherwise to be placed in close relationship. The sched 
uling system includes at least tWo scheduling modes, a ?rst 
mode in Which a consistency constraint is applied to the set 
of pages, and a second mode, di?cerent from the ?rst mode, 
in Which the consistency constraint is not applied. The 
printing system is con?gured for printing the set of pages in 
accordance With the ?rst mode and in accordance With the 
second mode. 
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PRINTING SYSTEMS 

[0001] This Application claims the priority of US. Pro 
visional Application No. 60/631,656, entitled TIGHTLY 
INTEGRATED PARALLEL PRINTING ARCHITEC 
TURES MAKING USE OF COMBINED COLOR AND 
MONOCHROME ENGINES by David G. Anderson et al., 
?led on Nov. 30, 2004, the disclosure of Which is incorpo 
rated herein in its entirety, by reference. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0002] This Application is related to the following appli 
cations, the disclosures of Which are totally incorporated 
herein in their entireties, by reference: 

[0003] US. application Ser. No. 10/917,768, ?led Aug. 
13, 2004, for PARALLEL PRINTING ARCHITECTURE 
CONSISTING OF CONTAINERIZED IMAGE MARK 
ING ENGINES AND MEDIA FEEDER MODULES by 
Robert Lofthus (Attorney Docket 20040184-U.S.-NP); 

[0004] US. application Ser. No.10/924,106, ?led Aug. 23, 
2004, for PRINTING SYSTEM WITH HORIZONTAL 
HIGHWAY AND SINGLE PASS DUPLEX by Lofthus, et 
al. (Attorney Docket D/A4050); 

[0005] US. application Ser. No.10/924,113, ?led Aug. 23, 
2004, for PRINTING SYSTEM WITH INVERTER DIS 
POSED FOR MEDIA VELOCITY BUFFERING AND 
REGISTRATION by dej ong, et al. (Attorney Docket A3190 
U.S.-NP); 

[0006] US. application Ser. No. 10/924,458, ?led Aug. 
23, 2004, for PRINT SEQUENCE SCHEDULING FOR 
RELIABILITY by Lofthus, et al. (Attorney Docket, 
D/A3548); 

[0007] US. application Ser. No. 10/924,459, ?led Aug. 
23, 2004, for PARALLEL PRINTING ARCHITECTURE 
USING IMAGE MARKING ENGINE MODULES by 
Mandel, et al., (Attorney Docket A3419-U.S.-NP); 

[0008] US. application Ser. No. 10/284,560, ?led Oct. 30, 
2002, for PLANNING AND SCHEDULING RECONFIG 
URABLE SYSTEMS WITH REGULAR AND DIAGNOS 
TIC JOBS, by FromherZ; 

[0009] US. application Ser. No. 10/284,561, ?led Oct. 30, 
2002, for PLANNING AND SCHEDULING RECONFIG 
URABLE SYSTEMS WITH ALTERNATIVE CAPABILI 
TIES by FromherZ; US. application Ser. No. 10/424,322, 
?led Apr. 28, 2003, for MONITORING AND REPORTING 
INCREMENTAL JOB STATUS SYSTEM AND METHOD 
by FromherZ; and 

[0010] US. application Ser. No. 10/917,676, ?led Aug. 
13, 2004, entitled MULTIPLE OBJECT SOURCES CON 
TROLLED AND/OR SELECTED BASED ON A COM 
MON SENSOR by Lofthus, et al. (Attorney Docket No. 
A30132). BACKGROUND 

[0011] Disclosed is a printing system and more speci? 
cally, a scheduling system. This system ?nds particular 
application in conjunction With scheduling print jobs for 
improving the image consistency of adjacent images, such 
as those on facing pages and Will be described With particu 
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lar reference thereto. HoWever, it is to be appreciated that the 
present exemplary embodiment is also amenable to other 
like applications. 

[0012] The eye is particularly sensitive to differences in 
appearance of printed images When faced With a side by side 
comparison. A print job assembled in the form of a booklet 
has several facing pages on Which images are printed. 
Differences in color gamut, gloss, image siZe, and clarity are 
most perceptible on the facing pages. One Way to minimize 
the differences in image appearance betWeen the outputs of 
several printers is to run test patches on the printers and 
compare these With a reference, using a color sensor, such as 
a spectrophotometer. Since the output characteristics of a 
printer tend to vary over time, periodic recalibration is 
performed to maintain color consistency. Another approach 
is to print all of the pages on the same printer. 

[0013] Parallel printing systems have or are noW being 
developed Which employ multiple marking engines Working 
in parallel to improve the overall system output. Jobs are 
assembled from the outputs of several marking engines 
Which may print With different gloss, color gamut, and image 
quality characteristics. For example, in a system employing 
tWo color marking engines, the ?rst marking engine may 
print front and back pages of a ?rst sheet and a third sheet, 
etc., in duplex mode and the second marking engine may 
print front and back pages of a second sheet and a fourth 
sheet, etc., in duplex mode. The streams from the tWo 
marking engines are subsequently merged to form a booklet. 
As a result, some pages of the assembled booklet are printed 
by the ?rst printer and other pages are printed by the second 
printer. The eye is thus presented With tWo side by side pages 
Which are printed by different printers. 

[0014] Imaging systems (e.g., printers and copiers) typi 
cally include paper paths through Which print media sheets 
(e.g., sheets of plain paper) Which are to receive an image are 
conveyed and imaged. The process of inserting sheets into 
the paper paths and controlling the movement of the sheets 
through the paper paths to receive an image on one or both 
sides, is referred to as “scheduling.” 

[0015] Electronic printing systems typically employ a 
print server or scanner for inputting image-bearing docu 
ments and conversion electronics for converting the image 
to image signals or pixels. In the case of electrophotographic 
printers, the signals are stored and are read out successively 
to a printer for formation of the images on photoconductive 
output media such as a photoreceptor. When multiple jobs 
are to be sequentially printed, a process knoWn as “job 
streaming” is commonly implemented. Job streaming is the 
ability of a printer system to complete successive printing 
jobs With a minimum of delay time betWeen jobs. A control 
system associated With the image output terminal of the 
machine identi?es that multiple jobs have been scheduled, 
determines their characteristics and determines the neces 
sary delay betWeen jobs. In some cases, the control system 
Will enable a second job to begin printing prior to comple 
tion of the ?rst job. 

REFERENCES 

[0016] US. Pat. Nos. 6,097,500 to FromherZ and 6,618, 
167 to Shah, the disclosures of Which are incorporated 
herein in their entireties, by reference, provide scheduling 
schemes for printers. 
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[0017] US. Pat. No. 6,814,004 to Lofthus, et al., Which is 
incorporated herein in its entirety by reference, discloses a 
system in Which tWo marking engines arranged in series are 
used to print a booklet in Which facing pages are printed by 
the same duplex marking engine. 

BRIEF DESCRIPTION 

[0018] Aspects of the present disclosure in embodiments 
thereof include a printing system, a method, and a storage 
medium comprising information for scheduling printing of a 
set of images for printing by a plurality of associated 
printers. The printing system includes a plurality of printers, 
at least a ?rst and a second of the plurality of printers 
printing in a ?rst print modality. A scheduling system 
schedules printing of a set of images by the plurality of 
printers, the set of images, When assembled, including 
associated images. The scheduling system includes at least 
tWo scheduling modes, a ?rst mode in Which a consistency 
constraint is applied to the set of pages, and a second mode, 
different from the ?rst mode, in Which the consistency 
constraint is not applied. The consistency constraint pro 
vides a level of consistency betWeen the associated images. 
The printing system is con?gured for printing the set of 
images in accordance With the ?rst mode and in accordance 
With the second mode. Associated images may be a subset 
or, in some cases, all of the images, for example, those Which 
Will be on facing pages in an assembled document. 

[0019] The method of printing includes associating each 
of a set of images With at least one print modality selected 
from a plurality of print modalities. A group of images in the 
set of images is identi?ed, for Which a consistency constraint 
is selected, each image being associated With at least a ?rst 
print modality Which is the same for each image. By 
computer implemented means, for example, a sequence of 
printing the set of images by a plurality of printers is 
scheduled, according to at least tWo modes, a ?rst mode in 
Which the consistency constraint is applied to the group of 
images, and a second mode, different from the ?rst mode, in 
Which the consistency constraint is not applied. The set of 
images is printed according to a selected one of the ?rst 
mode and the second mode. 

[0020] The storage medium includes information for 
scheduling printing of a set of pages for printing by a 
plurality of associated printers including information that for 
the set of pages (i) associates a plurality of the set of pages 
With a ?rst print modality from a set of print modalities, (ii) 
associates a second plurality of the pages of With a second 
print modality different from the ?rst print modality, (iii) 
identi?es pairs of facing pages in Which each page is of the 
pair associated With the same print modality. In a ?rst mode, 
printing of the set of pages is scheduled such that for each 
pair of facing pages in Which each page is associated With 
the ?rst print modality, each page of the pair is printed With 
a printer Which provides a preselected consistency. In a 
second mode, printing of the set of pages is scheduled 
differently from the ?rst mode. One of the ?rst and second 
modes is applied as a default mode and the other of the ?rst 
and second modes as a user selected mode. 

[0021] A “marking engine” or “printer” can encompass 
any device for applying an image to print media. 

[0022] An “imaging device” or “printer assembly” can 
incorporate a plurality of marking engines, and may include 
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other components, such as ?nishers, paper feeders, and the 
like, and encompasses copiers and multifunction machines, 
as Well as assemblies used for printing. 

[0023] A “print job” or “document” is normally a set of 
related sheets, usually one or more collated copy sets copied 
from a set of original print job sheets or electronic document 
page images, from a particular user, or otherWise related. 

[0024] “Print medium” refers to, for example, a usually 
?imsy physical sheet of paper, plastic, or other suitable 
physical print media substrate for images, Whether precut or 
Web fed. 

[0025] “Facing pages” refers to, for example, adjacent 
pages of a document Which, When assembled into a booklet, 
are vieWed side by side. “Opposing pages” refers to, for 
example, pages formed on opposite sides of the same sheet. 

[0026] “Consistent printers” can be a plurality of printers 
Which have been determined to meet certain preselected 
standards regarding the consistency betWeen the images of 
one consistent printer and the images of another consistent 
printer. 
[0027] A “job output destination” can be any post printing 
destination Where the printed pages of a document are 
brought together, ordered in a sequence in Which they can be 
assembled into in the ?nished document, such as a ?nisher 
or a temporary holding location. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a schematic vieW of a printing system 
according to an exemplary embodiment; 

[0029] FIG. 2 is a schematic sectional vieW of an exem 
plary printer assembly for the printing system of FIG. 1; 

[0030] FIG. 3 shoWs a schedule for an exemplary print job 
using tWo printers of the same modality in a simplex mode 
Without a facing images constraint; 

[0031] FIG. 4 shoWs a schedule for an exemplary print job 
using tWo printers of the same modality in a conventional 
duplex mode Without a facing images constraint; 

[0032] FIG. 5 shoWs a schedule for an exemplary print job 
using tWo printers of the same modality With a facing images 
constraint; 
[0033] FIG. 6 shoWs a ?owchart outlining one exemplary 
embodiment of a method for scheduling documents in a 
netWorked printer environment in accordance With the sys 
tems and methods described herein; and 

[0034] FIG. 7 shoWs the assembled documents of FIGS. 4 
and 5 as they Would appear face doWn in a stacker. 

DETAILED DESCRIPTION 

[0035] A scheduling system component for a printing 
system enables a consistency constraint to be selectively 
implemented for images to be printed, such as a facing page 
constraint for improved image consistency in the printing of 
a booklet. In speci?c embodiments, the consistency of 
images on facing pages is improved by scheduling the 
printing of images such that a pair of facing images are 
printed either With the same printer or With different printers 
Which meet preselected consistency standards. Various 
methods of scheduling print media sheets may be employed. 
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For example, U.S. Pat. Nos. 5,095,342 to Farrell, et al.; 
5,159,395 to Farrell, et al.; 5,557,367 to Yang, et al.; 
6,097,500 to FromherZ; and 6,618,167 to Shah; and above 
mentioned U.S. application Ser. Nos. 10/284,560; 10/284, 
561; and 10/424,322 to FromherZ, all of Which are incor 
porated herein in their entireties by reference, disclose 
exemplary scheduling systems Which can be used to sched 
ule the print sequence herein, With suitable modi?cations, 
such as by introducing constraints relating to facing pages. 
Such constraints may maximize the number of pairs of 
facing pages Where each of the pair is printed on the same 
printer and/or require that particular pairs of facing pages are 
to be printed With the same printer/ a consistent printer. 

[0036] While the consistency constraint has been 
described With particular reference to facing pages, it Will be 
appreciated that the constraint can be applied more generally 
to images Which are to be assembled in association. For 
example, a set of pages may be printed With images Which 
can be assembled so as to form a composite image, larger 
than the siZe of a single page in Which adjacent images in the 
composite image are desired to be appearance (e.g., color) 
consistent. 

[0037] In general, the scheduling system may provide an 
optimiZed schedule for processing images in an imaging 
device according to user-selected criteria, the image 
sequence constraints, and the imaging device constraints. 
Each constraint, if it is determined to apply to a print job, 
may be Weighted equally and, if speci?ed as a required 
constraint, must be obeyed in the optimiZed schedule. The 
image sequence constraints, user selected constraints, and 
imaging device constraints, can be expressed mathemati 
cally. These mathematical expressions interrelate the desired 
constraints of the output job to the fundamental rules of 
paper handling (i.e., the image sequence constraints) and the 
operating limitations of the imaging device or imaging 
devices (i.e., the imaging device constraints). 
[0038] The printing system in Which the present schedul 
ing system can be incorporated may include, for example, 
“tandem engine” printers, “parallel” printers, or “cluster 
printing” (in Which an electronic print job may be split up for 
distributed higher productivity printing by different printers, 
such as separate printing of the color and monochrome 
pages), and “output merger” or “interposer” systems: U.S. 
Pat. Nos. 5,568,246 to Keller, et al., 4,587,532 to Asano, 
5,570,172 to Acquaviva, 5,596,416 to Barry, et al.; 5,995, 
721 to Rourke, et al; 4,579,446 to Fujino; 5,489,969 to Soler, 
et al.; 6,554,276 to Jackson, et al.; 6,607,320 to BobroW, et 
al., and the above-mentioned related applications, all of 
Which are incorporated herein by reference. 

[0039] An exemplary printing system includes a plurality 
of printers, at least a ?rst and a second of the plurality of 
printers printing in a ?rst print modality. A scheduling 
system schedules printing of a set of images by the plurality 
of printers. The set of images, When assembled, includes 
associated images, the scheduling system including at least 
tWo scheduling modes: a ?rst mode in Which a consistency 
constraint is applied to the set of images, the consistency 
constraint providing a level of consistency betWeen the 
associated images, and a second mode, different from said 
?rst mode, in Which the consistency constraint is not 
applied. The printing system is con?gured for printing the 
set of images in accordance With the ?rst mode and in 
accordance With the second mode. 
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[0040] The set of images may comprise an entire docu 
ment or a portion thereof. The second mode can be a default 
mode and the ?rst mode can be a user selected mode. The 
printing system may further include input means for select 
ing the ?rst mode. The associated images include may 
include facing images, e.g., images formed on facing pages, 
and the consistency constraint may be a facing image 
constraint. The ?rst mode may apply the facing image 
constraint such that for each pair of facing images of said 
?rst print modality, both images of the pair are printed on the 
same printer. 1n the ?rst mode, the associated images may be 
printed on the same printer selected from the at least ?rst and 
second of the plurality of printers Which print in the ?rst 
print modality. The plurality of printers of the ?rst modality 
may include a plurality of consistent printers Which meet 
preselected standards for consistency and Wherein in the ?rst 
mode, the scheduling system is permitted to assign at least 
a ?rst of the associated images to a ?rst of consistent printers 
and to assign at least a second of the associated images to a 
second of the consistent printers. The ?rst modality (and 
other modalities) may be selected from the group consisting 
of black printing, process color printing, custom color 
printing, and magnetic ink character recognition (MICR) 
printing, and combinations thereof. The plurality of printers 
may include at least a third printer and optionally a fourth 
printer Which print in a second print modality, different from 
the ?rst modality. The ?rst mode may apply a facing page 
constraint such that facing pages of the ?rst print modality 
are both printed on the same printer or a consistent printer 
selected from the at least ?rst and second of the plurality of 
printers Which print in the ?rst print modality and facing 
pages of the second print modality are printed on the same 
printer or a consistent printer selected from the third and 
fourth of the plurality of printers. 1n the ?rst mode, the 
scheduling system may schedule printing of a ?rst plurality 
of associated images on the ?rst printer and schedule print 
ing of a second plurality of associated images on the second 
printer. The system may include a paper pathWay netWork 
Which connects the ?rst and second printers and enables 
print media Which has a ?rst side printed in the ?rst printer 
to have a second side printed in the second printer. The paper 
pathWay netWork may connect all of the printers in the 
system Whereby print media travels betWeen any printer and 
any other printer in the system. In the ?rst mode, the 
scheduling system may schedule printing of tWo facing 
pages of a ?rst sheet of print media and a second sheet of 
print media by a printer selected from the ?rst and second 
printers and schedules printing of non facing pages of the 
?rst and second sheets on at least one printer different from 
the printer selected for the facing pages. 

[0041] With reference to FIG. 1, an exemplary netWorked 
printing system incorporating a document scheduling sys 
tem 10 is shoWn. The netWorked printing system includes a 
netWork print server 12, one or more Workstations 14, 16, 
18, 20 (four in the illustrated embodiment) and an imaging 
device or printer assembly 22 capable of printing onto a print 
medium 24, all interconnected by links 26. The links 26 can 
be a Wired or Wireless link or other means capable of 
supplying electronic data to and/or from the connected 
elements. Each of the Workstations 14, 16, 18, 20 is asso 
ciated With a print driver component 30. 

[0042] FIG. 1 represents an embodiment in Which the 
document scheduling system 10 is incorporated in, or oth 
erWise connected to, a netWorked printer environment. HoW 
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ever, the document scheduling component 10 can be located 
anywhere, such as in the printer assembly or distributed 
betWeen several components of the system. Similarly, 
although the print driver component 30 is shoWn separately 
from the netWork print server 12 and printer assembly 22, it 
could be incorporated into the particular netWork print 
server 12 or printer assembly 22. 

[0043] With reference to FIG. 2, the illustrated printer 
assembly 22 includes several printers or marking engines, 
all communicating With the netWork print server 12. For 
example, a printer assembly 22 may consist of several 
identical or different, parallel and/or serial printers con 
nected through ?exible paper paths that feed to and collect 
from these printers. At any one time, a plurality of the 
printers can be printing. More than one of the printers can be 
employed in printing a single print job. More than one print 
job can be in the course of printing at any one time. By Way 
of example, a single print job may use one or more printers 
of a ?rst modality (such as black only) and/or one or more 
printers of a second modality (such as process color). 

[0044] Process color printers generally employ three inks, 
magenta, cyan, and yelloW, and generally also black (i.e., 
CMYK). Different colors are achieved by combinations of 
the three primary colors. Custom color printers may be fed 
With an alternatively dyed or pigmented ink or toner, or a 
premixed ink or toner, Which provides a speci?c color, 
generally With a higher color rendering accuracy than can be 
achieved With a process color printer. Custom color here is 
used interchangeably With other terms in the trade, such as 
signature color, highlight color, or PantoneTM color. Mag 
netic Ink Character Recognition (MICR) printing applies a 
magnetic pattern or other detectable portion to the page, for 
example, as a security feature for bank notes. 

[0045] While it is contemplated that marking devices may 
be capable of generating more than one type of print 
modality, for ease of reference, the marking devices 
described herein Will be referred to as black only (K), 
process color (P), and custom color (C) marking devices. 
Additionally, it Will be appreciated that some of the pages 
Will be identi?ed With more than one modality (mixed 
modality pages). For example, a page of a document may 
have a process color header and a body of text in black. In 
such a case, the page Will be identi?ed as a combined 
modality page, e.g., (K,P). In one operating mode, any sheet 
Which includes at least one pixel of color is printed by a 
process color printer (mode 0). In another mode (mode 1) 
any page (back or front of a sheet) Which includes at least 
one pixel of color is printed by a process color printer. In the 
illustrated example, both the header and the body text are 
applied by the same printer or a consistent printer, e.g., a 
process color printer. In another mode (mode 2), any page 
With images of multiple modalities is printed by printers of 
each modality, Where available, in the printing system. In the 
illustrated embodiment, a process color printer prints the 
header and a different printer, in this case a black only 
printer, prints the body of text in black. Any one of the 
modes 0, l, 2 may be selected as the default mode, With the 
other(s) being a user selectable mode. 

[0046] FIG. 2 illustrates an exemplary printer assembly 22 
With input and output print media distributors 32, 34 Which 
feed to and collect from tWo black (K) only printers 40, 42, 
and tWo process color (P) printers 44, 46. The black printers 
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are arranged in series, one in a ?rst toWer 48 and the other 
in a second toWer 50, and the process color printers 44, 46, 
are arranged in series, above the black printers, although the 
printers of the same modality could alternatively be arranged 
in parallel, With tWo printers of the same type in a toWer. The 
printers may operate at the same print speed or at different 
speeds. It Will be appreciated that the printing system may 
include feWer or more printers, depending on the anticipated 
print volume and color requirements. While FIG. 2 illus 
trates a multifunction machine With a scanner 51, for form 
ing copies, it Will be appreciated that the assembly 22 may 
be a dedicated printing device Without such copying capa 
bility. 

[0047] Each printer 40, 42, 44, 46 includes components 
suitable for forming an image on the print media and ?xing 
the image thereto. In the case of an electrographic device, 
the printer typically includes a charge retentive surface, such 
as a photoconductor belt or drum, a charging station for each 
of the colors to be applied (four in the case of a CMYK 
printer), an image input device Which forms a latent image 
on the photoreceptor, and a toner developing station asso 
ciated With each charging station for developing the latent 
image formed on the surface of the photoreceptor by apply 
ing a toner to obtain a toner image. A pretransfer charging 
unit charges the developed latent image. A transferring unit 
transfers the toner image thus formed to the surface of a print 
media substrate, such as a sheet of paper. A fuser fuses the 
image to the sheet. Although not illustrated on FIG. 2, such 
components are Well knoWn, as described, for example, in 
above-referenced copending application Ser. Nos. 10/917, 
768, l0/924,l06, l0/924,ll3, and l0/924,459. 

[0048] A print media feed system 52 supplies print media 
to the printers via the input distributor 32. In the illustrated 
embodiment, all of the printers are fed With print media from 
a single high speed and capacity feeder module 52, although 
it Will be appreciated that one or more of the printers may be 
fed from separate feeders. A feeder module of this type is 
described for example, in above-mentioned application Ser. 
No. 10/ 917,768. After printing, the sheets are conveyed via 
the output distributor 34 to a job output destination, exem 
pli?ed by a ?nisher module 54, With three separate ?nishing 
capabilities 55, 56, 57, here represented by output trays. The 
?nisher module receives printed media from any one of the 
clustered printers. The ?nisher may assemble the printed 
pages into a booklet, e.g., by one or more of stapling, 
binding, folding, and the like. 

[0049] The feeder module 52, printers 40, 42, 44, 46, 
distributors 32, 34, and ?nisher module 54 are intercon 
nected by a paper pathWay netWork 58. The paper pathWay 
netWork 58 includes a plurality of drive elements 59, illus 
trated as pairs of rollers, although other drive elements, such 
as airj ets, spherical balls, and the like are also contemplated. 
The paper pathWay netWork 58 may include at least one 
doWnstream print media highWay 62, 64 (tWo in the illus 
trated embodiment), and at least one upstream print media 
highWay 66, along Which the print media is conveyed in a 
generally opposite direction to the doWnstream highWays 
62, 64. The highWays 62, 64, 66 are arranged generally 
horiZontally, and in parallel in the illustrated embodiment, 
although it is also contemplated that portions of these 
highWays may travel in other directions, including vertically. 
The main highWays 62, 64, 66 are connected at ends thereof 
With each other, and With the feeder module 52 and ?nisher 
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module 54, by cloverleaf connection pathways 60, 61 in the 
respective distributors 32, 34. 

[0050] Pathways 68, 70, 72, 74, 76, 78, 80, 82, etc. feed 
the print media between the highways and the printers 40, 
42, 44, 46. The highways 62, 64, 66 and/or pathways 68, 70, 
72, 74, 76, 78, 80, 82 may include inverters, reverters, 
interposers, bypass pathways, and the like as known in the 
art to direct the print media between the highway and a 
selected printer or between two printers. For example, as 
shown in FIG. 2, printer 44 has an input side inverter 84 and 
an output side inverter 86 connected with the respective 
input and output pathways 68, 70. The network 58 is 
structured such that one or both the inverters 84, 86 can be 
bypassed, in the illustrated embodiment, by incorporation of 
bypass pathways 87, 88 on the input and output sides 
respectively. The other printers 40, 42, 46 may be similarly 
con?gured with input and output pathways, inverters, and 
bypass pathways, as shown. 

[0051] The architecture, described above, enables the use 
of multiple marking engines within the same system and can 
provide simplex and duplex printing as well as multi-pass 
printing. In single pass duplexing, one side of a sheet is 
printed on one marking engine, while the second side is 
printed on a second marking engine. In conventional duplex 
printing, the sheet is recirculated back to the ?rst engine for 
printing the second side. In multi-pass printing, one side of 
a sheet is printed on one marking engine, and the same side 
is printed on another marking engine. A single sheet of paper 
may thus be marked by two or more of the printers or 
marked a plurality of times by the same printer, before 
reaching the ?nisher module 54. The highways 62, 64, 66, 
and optionally also other pathways in the system, may be 
high speed pathways in which the sheets are temporarily 
accelerated to a higher speed than can be achieved within the 
printers. 
[0052] The scheduling system 10 determines which print 
ers to employ to complete a print job and optionally also the 
route that the print media takes to the selected printers. 
Having a plurality of printers 40, 42, 44, 46, capable of 
independent contemporaneous operation and capable of 
feeding printed pages to each other and to a common ?nisher 
module 54 enables a wide variety of scheduling options. The 
default mode of the scheduling system 10 may be selected 
to maximiZe the output of the printing system, i.e., to 
minimiZe the time for a print job to be completed. Thus, in 
the default mode, the printing system may print one side of 
a page with one color printer in simplex mode and another 
with another color printer in simplex mode, without any 
constraint as to which printer is used for facing pages. In 
another embodiment (not illustrated), in the default mode, 
the scheduling system may use one printer to print some of 
the pages in a conventional duplex mode (i.e., one printer 
prints ?rst one side and then the other side of a sheet) and 
a second printer to print other pages in conventional duplex 
mode. While in its simplest form, the default mode of the 
scheduling system may be set to maximiZe output of the 
printing system, the default mode may incorporate various 
scheduling constraints, such as reducing downtime of one or 
more printers, to improve reliability of the printing system, 
such as is described in above-mentioned copending appli 
cation Ser. No. 10/924,458. 

[0053] In a second mode, which may be a user selected 
mode, the scheduling system is input with one or more 
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selectable constraints to improve consistency between fac 
ing pages/images or other groups of pages/images where a 
high level of consistency is desired, which will be referred 
to herein as facing pages constraints or consistency con 
straints. For example, the user may specify that all facing 
pages having images of a particular modality, such as black 
or color, are to be color consistent, e.g., specify that all the 
facing color pages are to be consistent but adopt the default 
mode for the facing black pages. Or the user may specify 
that all pairs of facing pages, of whatever modality, are to be 
color consistent, i.e., both pages of a facing pair of the same 
modality are to be printed on the same printer or by a 
consistent printer. 

[0054] In a printer assembly as shown in FIG. 2 where 
plural printers of ?rst and second modalities, such as plural 
color printers and plural black only printers, are available, 
the following user selectable facing page constraints may be 
available, for example: 

[0055] l. Entire booklet to be printed by the same color 
printer/a consistent color printer. 

[0056] 2. Facing pages to be printed by the same color 
printer/a consistent color printer. 

[0057] 3. Facing color pages of a pair to be printed by 
the same color printer/a consistent color printer, e.g., 
one pair may be printed on one printer, another pair 
may be printed on another printer. 

[0058] 4. All pairs of facing color pages to be printed on 
the same printer/ a consistent printer, i.e., one printer (or 
consistent printers) prints all the pairs of color facing 
pages. 

[0059] 5. All color pages to be printed by the same color 
printer/ a consistent color printer, whether facing or not. 

[0060] 6. Facing black only pages ofa pair to be printed 
by the same black printer/a consistent black printer, 
e.g., one pair may be printed on one printer, another 
pair may be printed on another printer. 

[0061] 7. All pairs of facing black only pages to be 
printed on the same black printer/a consistent black 
printer, e.g., one printer prints all the pairs of black 
facing pages. 

[0062] 8. All black pages to be printed by the same 
black printer/ a consistent black printer, whether facing 
or not. 

[0063] 9. Combinations of constraints 2-8. 

[0064] Where more than two modalities are represented in 
a printing assembly, further constraints may be added to 
meet customer preferences. A consistency input function is 
employed by the user to select the facing page constraint or 
constraints. As illustrated in FIG. 1, an input function 90 
may be located in the workstations and accessed by a user 
interface, such as a keyboard, although other locations and 
interface means are contemplated, such as within the printer 
assembly. The facing page constraint may be a required 
constraint (a hard constraint), such that the print job will not 
be executed unless the constraint can be satis?ed, or the 
constraint may be an optimiZing constraint (soft constraint) 
in which the scheduling system tries to satisfy the constraint 
and if this is not possible, maximiZes the degree to which the 
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constraint is satis?ed, to the extent permitted While ensuring 
that other required constraints are satis?ed. 

[0065] In some cases, tWo or more printers of the same 
modality may be determined to be consistent in that they 
meet predetermined standards for consistency betWeen 
images of one printer and the images of another printer. 
Whether the printers meet the predetermined consistency 
standard may be determined by eye, for example, by exam 
ining images printed by tWo printers Which are placed 
side-by-side and determining Whether there are any recog 
niZable differences. Or the printers may be determined to be 
consistent by sending images to a detection system, such as 
an in-line sensor. The sensor measures one or more proper 

ties of the image, such as color, gloss, and the like. Suitable 
sensors include spectrophotometers and colorimeters for 
color sensing and gloss meters for measuring gloss. If the 
images fall Within selected tolerances for each of the prop 
erties selected, the images are considered to be consistent 
and the printers from Which they issued are also considered 
consistent. Since the outputs of printers tend to change over 
time, periodic reevaluation of the tWo or more printers is 
performed to determine Whether they are still consistent. At 
the reevaluation, a different pair of printers or group of 
printers may be determined to be consistent. If the printing 
system is unable to perform a consistency check Within a 
speci?ed period, the scheduling system may be programmed 
to use the same printer for ensuring consistency. 

[0066] It Will be appreciated that the performance charac 
teristics of printers tend to drift over time and that different 
printers may drift at different rates. Accordingly, tWo print 
ers Which are determined to be consistent at one time may 
lose their consistency With time. Similarly, printers Which 
are at one time inconsistent may drift, relative to one 
another, such that at a later time they are Within acceptable 
variation to be considered consistent. Drift rate for either a 
single printer or a group of like-performance printers can be 
used to estimate the time to reach a given printing perfor 
mance threshold. Time-to-threshold, in turn, can be 
accounted for in the facing pages constraint by providing a 
time WindoW during Which pairs of facing pages need to be 
printed in order to assure an acceptable level of print quality 
variation betWeen the facing pages. Drift rate can be deter 
mined by logging measured printer performance over time, 
by calculation according to machine operating conditions, or 
by calculations that are updated by measurements of printer 
performance. 
[0067] While the facing page constraint has been 
described as being a user selected mode, a facing page 
constraint could alternatively be a default mode, With a “no 
facing page constraint” being a user selected mode. 

[0068] The scheduling system 10 receives information on 
the selected constraint(s) and uses the constraint(s) to 
develop a schedule for printing. The schedule ensures that 
the facing pages of any pair of facing pages of the selected 
modality or modalities subject to any required facing pages 
constraint(s) selected are printed With the same printer/a 
consistent printer. In the case of an optimiZed constraint, the 
scheduling system maximizes the number of facing pages to 
Which the constraint is applicable. 

[0069] For example, in a document of n pages in length to 
be assembled in booklet form, Without page folding, the ?rst 
page may be the front (F) of a ?rst sheet (SI) identi?ed as 
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SIP, the second on the reverse side of the ?rst sheet (SIR), 
the third page is on the front of a second sheet (S2F), and so 
forth, such that pages 2 and 3 are facing, pages 4 and 5 are 
facing, etc. If all the pages are color and a constraint for 
consistency of all facing color pages is selected, the sched 
uling system 10 may schedule pages 2 and 3 to be printed on 
a ?rst color printer 44 and pages 4 and 5 to be printed on the 
same printer, Which may be the ?rst color printer 44 or a 
second color printer 46. Pages 6 and 7 may be printed on the 
?rst printer 44, and so forth to page n or n-I, if n is a page 
on its oWn. Page I, being on its oWn, is unaffected by the 
facing page constraint, and can be printed on any color 
printer. Optionally, the constraint ensures that front and back 
pages of the booklet, Where of the same modality, are printed 
on the same printer. 

[0070] Where the booklet is formed by folding or slitting 
of larger pages, e.g., each sheet of print media supplies four 
(or more) pages of the booklet, it Will be appreciated that the 
facing page constraint Will apply to all pages printed at the 
same time. Thus, for example in a booklet formed of three 
sheets and having tWelve pages, pages 2 and II may be on 
the same side of the ?rst sheet and thus printed at the same 
time. Accordingly, any facing page constraint applicable to 
page 2 is also applied to page II, and vice versa. 

[0071] In one embodiment, the printer assembly shoWn in 
FIG. 2 has a paper pathWay netWork 58 Which permits both 
parallel printing and series printing. For example, as illus 
trated in FIG. 3 for the job illustrated above With tWo pages 
per sheet, the printers of the printer system may operate in 
a simplex mode in the default mode, i.e., the printer system 
uses single pass duplexing. A ?rst printer, printer 44, for 
example, prints the reverse side of all sheets SIR, S2R, etc. 
corresponding to pages 2, 4, 6, 8 of the ?nished document, 
and a second printer, printer 46, for example, prints sides 
SIF, S2F, etc., corresponding to pages I, 3, 5, 7, etc. of the 
document. For example, sheet SI travels to printer 44 along 
highWay 62 via bypass pathWay 87 and has side SIR printed 
by printer 44, is inverted, by inverter 86 and then passes to 
printer 46 Where side SIF is printed. Input and output 
inverters 92, 94, located upstream and doWnstream of printer 
46, respectively, are bypassed using bypass pathWays 95, 96. 
Sheet S2, and optionally all other sheets, folloW an identical 
path to sheet SI. 

[0072] In another embodiment a printer assembly (not 
shoWn) can be used in Which the printers 40, 42, 44, 46 have 
internal pathWays Which permit them to operate in double 
pass duplex mode, the printer assembly being otherWise 
similar to that of FIG. 2. For example, as illustrated in FIG. 
4 for the job illustrated above With tWo pages per sheet, the 
printer system may operate in a conventional duplex mode 
in the default mode (Without facing page constraint). In this 
embodiment, sheets S1, S3, S5, etc. may travel from the 
feeder 52 along highWay 62 to a ?rst printer, e.g., color 
printer 44 and be printed in conventional duplex mode (i.e., 
pass through printer 44 to have their ?rst sides printed, be 
inverted in an inverter, and passed through printer 44 again) 
thereby printing pages SIR, SIF, S3R, S3F, etc. correspond 
ing to pages 2, I, 6, 5, etc. of the assembled document. 
Sheets S2, S4, S6, etc folloW a similar procedure, passing 
along highWay 64 to a second printer, such as color printer 
46, Where pages 4, 3, 8, 7, etc are printed in conventional 
duplex mode. The streams are combined in a pathWay 98 of 



US 2006/0132815 A1 

collector module 34, located downstream of the printers, and 
directed as a combined stream to the ?nisher 54. 

[0073] In the constraint mode, illustrated in FIG. 5, the 
scheduling system may ensure that for every pair of facing 
pages, both pages of the pair are printed With the same 
printer. For example, sheet Sl travels to printer 44 along 
highWay 62 and has side SIR (page 2 of the document) 
printed by printer 44. Sheet Sl travels from printer 44 along 
to printer 46. Prior to printing SlF (page 1 of the document) 
in printer 46, the sheet S1 is inverted, for example, in 
inverter 86. Inverters 92, 94 are bypassed. Sheet S2 is also 
printed by printers 44 and 46, but in this case, side S2F (page 
3 of the document) is printed by printer 44 and S2R (page 
4 of the document) is printed by printer 46. This can be 
achieved by folloWing the same route as for sheet Sl but 
With an inversion folloWing the printing of S2F using 
inverter 86 (and optionally also inverter 84, Where there are 
detectable differences betWeen the top and bottom surfaces 
of the sheets). A further inversion With inverter 94 folloWs 
the printing of S2R. Sheets S3, S5, etc. folloW the same 
procedure as for sheet S1 and sheets S4, S6, etc. folloW the 
procedure for S2. The printed sheets travel in a single stream 
from printer 46 along highWay 62 to pathWay 98 and thence 
as a combined stream to the ?nisher 54. FIG. 7 schematically 
shoWs hoW the assembled documents produced according to 
the schedules of FIGS. 4 and 5 Would appear at the ?nisher 
to demonstrate the differences betWeen not applying and 
applying a facing page constraint. The tWo sides of each 
sheet are shoWn in the same block, With the facing pages 
spaced by a gap. It can be seen that When the facing pages 
constraint is applied, more of the facing pages (in this 
example, all the facing pages) are printed by the same 
printer, although not necessarily the same printer for each 
pair of facing pages. As for FIGS. 4 and 5, pages printed by 
printer 46 are identi?ed by an underline, those by printer 44 
With no underline. 

[0074] The above example illustrates a facing page con 
straint for a single modality, process color. For more com 
plex documents, such as documents having black and color 
pages and/or multiple modality pages a more complex 
schedule is developed, Which may include more printers, 
and may include all of the printers available in the printer 
assembly. Where there is only one printer in the assembly of 
a particular modality, the single printer prints all pages of 
that modality, irrespective of Whether the facing page con 
straint is selected. 

[0075] It Will be appreciated that the scheduling system 10 
may not be able to fully satisfy the facing page constraint 
due to other imposed constraints if the other constraints have 
a higher priority. While the facing page constraint may be 
applied to all the pages in a print job it is also contemplated 
that the scheduling system may apply the constraint to a set 
of selected pages Which may be feWer than all the pages in 
a print job. In one embodiment, the pages of the set are 
sequential, i.e., the scheduling system applies the constraint 
to a set of pages to be sequentially arranged in a document. 

[0076] The scheduling system 10 may schedule more than 
one print job to be in progress at any one time. In doing so, 
the scheduling system may take into account the different 
speeds of the printers, the ?nishing requirements, and the 
like in scheduling the various print jobs. The scheduling 
system 10 may also determine a route for each sheet of each 
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of the print jobs through the printer assembly so that the 
sheets arrive at the appropriate ?nishing station in the 
correct order for assembling the ?nished document. 

[0077] Systems consisting of multiple parallel, alternative 
modules, such as printers, that are connected through ?ex 
ible paths and even loops of the type illustrated in FIG. 2 
offer a multitude of alternative operations to produce the 
same outputs. 

[0078] An exemplary scheduling process may proceed as 
folloWs: The print driver component 30 pre-scans a print job, 
such as a document ?le and determines: 

[0079] a) the number of pages of each print modality to 
be printed in the print job, e.g., the number of black 
only (K) pages, custom color (C) pages, process color 
(P) pages, and/or magnetic ink character recognition 
MICR pages; 

[0080] b) the order of the pages in the print job. 

[0081] This function may alternatively be carried out by 
another component of the system, such as the netWork print 
server. 

[0082] In general, the print driver component 30 includes 
information about the modalities available in the printer 
assembly 22 and evaluates the number of pages of each print 
modality Which are knoWn to be available for printing in the 
printer assembly. 

[0083] The print driver component 30 places the informa 
tion regarding the pages into a ?le header and sends it to the 
netWork server 12, along With the document ?le. The net 
Work print server 12 stores and spools the document ?le, 
including the ?le header. The print driver component 30 may 
alternatively convert a document ?le into a postscript print 
ready ?le. This postscript print ready ?le includes a header 
Which the information on the pages in the document. The 
postscript print ready ?le is then sent to the netWork print 
server 12. Whereas in a conventional system, the ?le typi 
cally binds the page to a particular printer, such as P1, P2, 
P3 etc., depending on the print modality, here, the binding is 
a feature of the scheduler. 

[0084] For example, the ?le header may include the fol 
loWing information about a particular print job: 

[0085] 
[0086] Number of pages: e.g., 11 

[0087] Number of copies: e.g., 100 

[0088] And for each page, the print modality and printer, 
e.g. 

Input 

Page 1 (SlF) 
Page 2 (SIR) 
Page 3 (SZF) 
Page 4 (S2R) 
Page 5 (S313) 
Page 6 (S3R) 
Page 7 (S4F) 
Page 8 (S4R) 
Page 9 (SSF) 
Page 10 (SSR) 
Page 11 (S613) 

wpqwwwwwwpqww + W 
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[0089] Note page 8 is mixed modality, with process color 
and black areas of the image. 

[0090] In another embodiment, the network print server 
12, rather than the print driver, identi?es color and black 
only pages in a document. For example, the network print 
server includes software which identi?es whether a page is 
a black only page by examining data within the color 
separations for the page. Such a system is described, for 
example, in U.S. Pat. No. 6,718,878 to Grosso, et al., which 
is incorporated herein by reference. 

[0091] The table below shows two exemplary print sched 
ules for the eleven page document, one without a facing 
page constraint, the other where a constraint which requires 
all facing pages of the same modality to be printed on the 
same printer is applied. 
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pages of the same modality be printed on the same printer 
would thus apply to page 8 and facing page 9, with respect 
to the process color printing. 

[0093] At step 160, an assembly tree is created in the form 
of a sheet level description, which associates page charac 
teristics with each page to be printed. The assembly tree 
includes information such as the sheet order in the docu 
ment, the requirements for each sheet, such as the text and 
digital images to be applied, and macro operations, such as 
stapling, hole punching, and the like. At step 170, the 
constraints, such as facing page constraints, are applied to 
the assembly tree. Based on this information, the scheduling 
system develops an itinerary for each sheet of the document 
(step 180). The itinerary includes such information as the 
route of the sheet through the printing system, and the timing 

Printer Exemplary Schedule Facing Page Exemplary Schedule 
Assigned By Without Facing Constraint With Facing 

Page Modality File Header Page Constraint To Be Applied Page Constraint 

Page 1 (SlF) P P1 P1 = Printer 44 None P1 = Printer 44 
Page 2 (SlR) K P2 P2 = Printer 40 P2 = P3 P2 = Printer 40 

Page 3 (SZF) K P3 P3 = Printer 42 P3 = Printer 40 
Page 4 (S2R) P P4 P4 = Printer 46 None P4 = Printer 46 
Page 5 (S3F) K P5 P5 = Printer 40 None P5 = Printer 40 
Page 6 (S3R) P P6 P6 = Printer 44 P6 = P7 P6 = Printer 44 

Page 7 (S4F) P P7 P7 = Printer 46 P7 = Printer 44 
Page 8 (S4R) P + K P8 P8 = Printer 44 P8 = P9 P8 = Printer 46 

Page 9 (SSF) P P9 P9 = Printer 46 P9 = Printer 46 
Page 10 (SSR) K P10 P10 = Printer 42 P10 = P11 P10 = Printer 42 

Page 11 (S6F) K Pll P9 = Printer 40 P9 = Printer 42 

[0092] FIG. 6 shows a ?owchart outlining one exemplary 
embodiment of the method for scheduling documents in a 
networked printer environment in accordance with the sys 
tems and methods described herein. The process begins in 
step 100, and continues to step 110, where the system, 
during a Page Description Language (PDL) conversion scan, 
determines the number of pages of each print modality for 
the document and the order of these pages within the print 
job. Next in step 120, the system places the number of pages 
of each print modality in a ?le header. Then, in step 130, the 
system sends the PDL converted document with the ?le 
header to the print server and appropriate information 
regarding the image modalities for each page is sent to a 
planner (black and process color in the illustrated embodi 
ment). The planner may be a separate function from the 
scheduling system, or integrated therein. The planner con 
?rms that the printing system has the capabilities for printing 
and ?nishing the document and applies any appropriate 
policies (such as black pages to be printed on a process color 
printer if no black only printer is available). At step 140, user 
preferences regarding facing pages are optionally input to 
the scheduling system. If no preferences are input, the 
scheduling system adopts a default mode, which may be to 
apply no facing page constraint. At step 150, user prefer 
ences for mixed document printing are optionally input to 
the scheduling system 10 (e.g., mode 0, mode 1, or mode 2, 
discussed above). If no user preferences are input, the 
scheduling system adopts a default mode, such as mode 2. 
In the illustrated eleven page example, this would result in 
page 8 being printed by both a black printer and a process 
color printer. The mode 2 constraint that all pairs of facing 

of each event, such as printing, inversion, etc. A Propose, 
Accept and Con?rm (PAC) procedure is then carried out 
which involves checking with each of the components in the 
printing system to ensure that they will be available to 
perform the required operation at the speci?ed future time. 
The development of the ?nal schedule for printing may 
involve several iterations in which the scheduling system 
assigns different printers to the pages in order to develop a 
schedule which the particular printing system is able to 
follow and which optimiZes the use of printers, for example, 
to minimiZe the time taken to complete the job. 

[0094] For example, for pages 2 and 3 of the eleven page 
document exempli?ed above, once the scheduling system 
has assigned a printer for page 2, e.g., printer 40, the facing 
page constraint requires page 3 to be printed on the same 
printer and thus will also assign that page to printer 40. 

[0095] The scheduling system schedules the orientation of 
the sheet and its movement throughout the printing process 
based on the input information and built-in default criteria, 
as well as other information, such as the speed of each of the 
available printers, available pathways between the printers, 
and the like. 

[0096] In addition to the defaults/user selectable options 
described above, the scheduling system may include other 
default and/ or user selectable constraints such as whether the 
job should be printed in the event that the entire job cannot 
be printed, for example, if one or more of the printers in the 
printing assembly 22 are off line. The default mode in this 
case may be to print the document with another available 
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printer or printers. Or the default mode may be that the job 
should not be printed. The operator may then be alerted that 
the job cannot be completed. If the default mode is to print 
with another printer example, one default mode may include 
printing with a process color printer where a custom color 
printer is unavailable. Another may be to print a black only 
page with a process color (CMYK) printer where there is no 
black only printing capability. Another may be to print all 
documents with black only printers if there is only black 
only printing capability. 
[0097] In creating the itinerary and overall schedule for a 
document, the scheduling system employs the existing 
default constraints and the user input constraints. The itin 
erary may include: 

[0098] l. The orientation of the sheet at time t, i.e., 
which side of the sheet is face up at a particular time, 
either the page which is a front page in the ?nished 
document or the side which is a reverse page in the 
?nished document. 

[0099] 2. The printer or printers on which a page is to 
be printed. 

[0100] 3. The inverters and/or bypass routes used to 
determine which side is face up at any time. 

[0101] When a facing pages constraint is selected by the 
user, the schedule includes the steps by which this is 
achieved. The printing system is then controlled in accor 
dance with the schedule. For example, the network print 
server 12 and/or scheduling system 10 assigns the print job 
to the appropriate printer(s) (e.g., black only, process color, 
or custom color). 

[0102] As shown in FIG. 1, the document scheduling 
system 10 can be implemented either on a single program 
general purpose computer or separate program general pur 
pose computer. However, the document scheduling system 
can also be implemented on a special purpose computer, a 
programmed microprocessor or microcontroller and periph 
eral integrated circuit element, an ASIC, or other integrated 
circuit, a digital signal processor, a hardwired electronic or 
logic circuit such as a discrete element circuit, a program 
mable logic device such as a PLD, PLA, FPGA, PAL, or the 
like. In general, any device, capable of implementing a ?nite 
state machine that is in turn capable of implementing the 
?owchart in FIG. 6 can be used to implement the document 
scheduling system. 

[0103] The disclosed method may be readily implemented 
in software using object or object-oriented software devel 
opment environments that provide portable source code that 
can be used on a variety of computer or workstation hard 
ware platforms. Alternatively, the disclosed document 
scheduling system may be implemented partially or fully in 
a hardware using standard logic circuits or VLSI design. 
Whether software or hardware is used to implement the 
systems in accordance with the exemplary embodiments is 
dependent on the speed and/ or ef?ciency requirements of the 
system, the particular function, and the particular software 
or hardware systems or microprocessors or microcomputer 
systems being utiliZed. The document scheduling system 
and methods described above, however, can be readily 
implemented in hardware or software using any suitable 
systems or structures, devices and/or software by those 
skilled in the applicable art without undue experimentation 
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from the functional description provided herein together 
with a general knowledge of the computer arts. 

[0104] Moreover, the disclosed methods may be readily 
implemented as software executed on a programmed general 
purpose computer, a special purpose computer, a micropro 
cessor, or the like. In this case, the methods and systems of 
the exemplary embodiments described herein can be imple 
mented as a routine embedded on a personal computer such 
as Java® or CGI script, as a resource residing on a server or 

graphics work station, as a routine embedded in a dedicated 
print management system, web browser, web TV interface, 
PDA interface, or the like. The document scheduling system 
can also be implemented by physically incorporating the 
system and method into a software and/or hardware system, 
such as the hardware and software of a graphics workstation 
or dedicated print management system. 

[0105] In speci?c embodiments, the scheduling system 
can be adapted to use with a variety of different printing 
systems. For example, the scheduling system may be pro 
grammed to receive inputs on the number, print modality, 
and con?guration of the printers, and ?nishing stations in the 
printer assembly. The scheduling system thus can be pro 
grammed to modify the job schedules according to the 
number of printers of each modality, their print capabilities, 
in terms of ppm, the number of ?nishing stations, and the 
like. 

[0106] The operation of the print driver will be described 
with reference to an exemplary embodiment running in 
Microsoft Windows. When a workstation which is running 
under an operating system such as Microsoft Windows 
invokes printing, a print driver is called to convert the 
contents of the document into a print data stream such as 
PostScript or PCL. The print driver is responsible for 
understanding how to translate the objects at the application 
level, such as character strings of a speci?c font, graphics, 
images etc. into the data stream of the printer assembly. The 
print driver is typically provided by the printer manufac 
turer. In the present case, a print driver is provided to support 
the functions required to separate attributes of the job that 
are used to enhance scheduling of pages to meet facing page 
constraints in the printing system. 

[0107] In formatting the page into a print data stream, 
Windows uses a software interface called a Graphics Device 
Interface (GDI) between the application and the print driver. 
The print driver is modeled as a software object that is 
contained in a class known as the “CDC” class that de?nes 
a class of device context objects. The member functions of 
this class contain functions provided by the print driver that 
can translate GDI objects and control into the print data 
stream. One reference for GDI printing for Microsoft Win 
dows is on the Microsoft website. 

[0108] The printing protocol provided between the appli 
cation and print driver is able to support the concept of a job 
and pages in a job. It is up to the application to de?ne these 
logical breaks in the document, but the GDI printing pro 
tocol provides member functions in the CDC that commu 
nicate this logical structure to the driver. 

[0109] For example, as noted in the GDI website: to print 
a multipage document, the framework and view interact in 
the following manner. First the framework displays the Print 
dialog box, creates a device context for the printer, and calls 
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the StartDoc member function of the CDC object. Then, for 
each page of the document, the framework calls the 
StartPage member function of the CDC object, instructs the 
vieW object to print the page, and calls the EndPage member 
function. If the printer mode must be changed before starting 
a particular page, the vieW object sends the appropriate 
escape code by calling the Escape member function of the 
CDC object. When the entire document has been printed, the 
framework calls the EndDoc member function. 

[0110] As Will be appreciated from this description, the 
print driver has access to the logical structure of the docu 
ment including individual pages. This satis?es the ?rst 
requirement that a printing system has in isolating individual 
pages in the job at the GDI level. Each page is marked by 
this interface and the print driver uses this to isolate pages 
in the job. BetWeen the StartPage and EndPage functions, 
the application uses either the OnPrint or OnDraW member 
functions to render elements of the page. A full description 
of the Microsoft documentation on the printer driver inter 
faces is to be found on the Microsoft Website. 

[0111] One skilled in the art Would readily appreciate that 
individual instructions could be varied in form and that the 
sequence in Which steps are performed could vary, all of 
Which embodiments are contemplated by the disclosure and 
scope of the claims herein. 

[0112] A band rendering loop contains code that interprets 
the graphics object. Without going into the details of func 
tion calls at the band rendering level, means are provided to 
convert the representations of graphics and image objects to 
a format that is understood by the printer. Part of the 
representation of these objects is the color of the object. In 
this Way the printer driver can track the color of the objects 
on the page and tag pages for monochrome, highlight, or 
process color. This information can be sent as meta data With 
the print job to a function in the controller that separates out 
pages and directs them to the appropriate printer based on 
page attributes de?ned in this meta data. 

[0113] While the description given here is speci?c to 
Microsoft WindoWs, other operating systems such as Linux 
and MAC OS can be con?gured to provide similar functions 
as provided by the print driver. In some cases, the print 
driver may be logically complied With the application as 
opposed to a service of the operating system. In one embodi 
ment, the supplier of the printing system supplies a dedi 
cated print driver Which is compatible With the printing 
system, Which can be installed in the Work station. 

[0114] The claims, as originally presented and as they may 
be amended, encompass variations, alternatives, modi?ca 
tions, improvements, equivalents, and substantial equiva 
lents of the embodiments and teachings disclosed herein, 
including those that are presently unforeseen or unappreci 
ated, and that, for example, may arise from applicants/ 
patentees and others. 

1. A printing system comprising: 

a plurality of printers, at least a ?rst and a second of the 
plurality of printers printing in a ?rst print modality; 

a scheduling system for scheduling printing of a set of 
images by the plurality of printers, the set of images, 
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When assembled, including associated images, the 
scheduling system including at least tWo scheduling 
modes: 

a ?rst mode in Which a consistency constraint is applied 
to the set of images, the consistency constraint provid 
ing a level of consistency betWeen the associated 
images; 

a second mode, di?ferent from said ?rst mode, in Which 
the consistency constraint is not applied; and 

Wherein the printing system is con?gured for printing the 
set of images in accordance With the ?rst mode and in 
accordance With the second mode. 

2. The printing system of claim 1, Wherein the second 
mode is a default mode. 

3. The printing system of claim 1, Wherein the ?rst mode 
is a user selected mode, the printing system further com 
prising input means for selecting the ?rst mode. 

4. The system of claim 1, Wherein the associated images 
include facing images and the consistency constraint is a 
facing image constraint. 

5. The system of claim 4, Wherein the ?rst mode applies 
the facing image constraint such that for each pair of facing 
images of said ?rst print modality, both images of the pair 
are printed on the same printer selected from the at least ?rst 
and second of the plurality of printers Which print in the ?rst 
print modality. 

6. The system of claim 5, Wherein the scheduling system 
schedules printing of the pair of facing images Within a time 
period during Which the selected printer is determined to 
meet preselected standards for consistency betWeen images. 

7. The system of claim 1, Wherein in the ?rst mode, the 
associated images are printed on the same printer selected 
from the at least ?rst and second of the plurality of printers 
Which print in the ?rst print modality. 

8. The system of claim 1, Wherein the plurality of printers 
of a ?rst modality comprises a plurality of consistent printers 
Which meet preselected standards for consistency and 
Wherein in the ?rst mode, the scheduling system is permitted 
to assign at least a ?rst of the associated images to a ?rst of 
consistent printers and to assign at least a second of the 
associated images to a second of the consistent printers. 

9. The system of claim 8, Wherein the scheduling system 
schedules printing of the ?rst and second of the associated 
images on consistent printers during a time period in Which 
the printers are determined to meet the preselected standards 
for consistency. 

10. The system of claim 1, Wherein the ?rst modality is 
selected from the group consisting of black printing, process 
color printing, custom color printing, and magnetic ink 
character recognition (MICR) printing, and combinations 
thereof. 

11. The system of claim 1, Wherein the plurality of 
printers includes at least a third printer Which prints in a 
second print modality, di?ferent from the ?rst modality. 

12. The system of claim 1, Wherein the plurality of 
printers further includes at least a third and a fourth printer 
Which print in a second print modality, di?ferent from the 
?rst print modality. 

13. The system of claim 12, Wherein the ?rst mode applies 
a facing page constraint such that facing pages of the ?rst 
print modality are both printed on the same printer or a 
consistent printer selected from the at least ?rst and second 
of the plurality of printers Which print in the ?rst print 
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modality and facing pages of the second print modality are 
both printed on the same printer or a consistent printer 
selected from the at least third and fourth of the plurality of 
printers Which print in the second print modality. 

14. The system of claim 1, Wherein in the ?rst mode, the 
scheduling system schedules printing of a ?rst plurality of 
associated images on the ?rst printer and schedules printing 
of a second plurality of associated images on the second 
printer. 

15. The system of claim 1, further comprising a paper 
pathWay network Which connects the ?rst and second print 
ers and enables print media Which has a ?rst side printed in 
the ?rst printer to have a second side printed in the second 
printer. 

16. The system of claim 15, Wherein the paper pathWay 
network connects all of the printers in the system Whereby 
print media travels betWeen any printer and any other printer 
in the system. 

17. The system of claim 1, Wherein in the ?rst mode, the 
scheduling system schedules printing of tWo facing pages of 
a ?rst sheet of print media and a second sheet of print media 
by a printer selected from the ?rst and second printers and 
schedules printing of non facing pages of the ?rst and second 
sheets on at least one printer different from the printer 
selected for the facing pages. 

18. A method of printing comprising: 

associating each of a set of images With at least one print 
modality selected from a plurality of print modalities; 

identifying a group of images in the set of images for 
Which a consistency constraint is to be applicable, each 
image in the group being associated With at least a ?rst 
print modality Which is the same for each image; 

by computer implemented means, scheduling a sequence 
of printing the set of images by a plurality of printers, 
according to at least tWo modes including: 

a ?rst mode in Which the consistency constraint is 
applied to the group of images; and 

a second mode, different from said ?rst mode, in Which 
the consistency constraint is not applied; and 

printing the set of images according to a selected one of 
the ?rst mode and the second mode. 

19. The method of claim 18, Wherein the printing is 
performed With at least tWo of the printers of the same print 
modality. 

20. The method of claim 18, Wherein the sequence of 
printing at least maximizes a number of the pairs of facing 
images in Which each image of the pair is printed With the 
same printer. 

21. The method of claim 18, Wherein the associating is 
effected by a Workstation print driver. 

22. The method of claim 18, Wherein the ?rst modality 
comprises at least one of the group consisting of black 
printing, process color printing, custom color printing, and 
magnetic ink character recognition (MICR) printing, and 
combinations thereof. 

23. The method of claim 18, Wherein the printing includes 
applying the images to printed media Which form pages of 
a document and Wherein at least one of the pages includes 
an image of the ?rst print modality and an image of a second 
print modality. 
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24. The method of claim 18, further comprising: 

selecting one of the ?rst mode and the second mode by 
user input means. 

25. A storage medium comprising information for sched 
uling printing of a set of pages for printing by a plurality of 
associated printers, comprising: 

information that for the set of pages: 

associates a plurality of the set of pages With a ?rst print 
modality from a set of print modalities; 

associates a second plurality of the pages of With a 
second print modality different from the ?rst print 
modality; 

identi?es pairs of facing pages in Which each page is of 
the pair associated With the same print modality; 

in a ?rst mode, schedules printing of the set of pages 
such that for each pair of facing pages in Which each 
page is associated With the ?rst print modality, each 
page of the pair is printed With the same printer; 

in a second mode schedules printing of the set of pages 
differently from the ?rst mode; and 

applies one of the ?rst and second modes as a default 
mode and the other of the ?rst and second modes as 
a user selected mode. 

26. The storage medium of claim 25, Wherein the infor 
mation that associates a plurality of the set of pages With a 
?rst print modality and associates a second plurality of the 
pages With a second print modality different from the ?rst 
print modality is effected by a Workstation print driver. 

27. A printing system comprising the storage medium of 
claim 25, further comprising: 

a plurality of printers, a ?rst plurality of the printers being 
con?gured for printing in the ?rst print modality and a 
second plurality of the printers being con?gured for 
printing in the second print modality. 

28. A xerographic printing system comprising: 

at least one source of print media; 

a plurality of printers Which apply images to the print 
media, at least a ?rst and a second of the plurality of 
printers printing images in a ?rst print modality; 

a netWork of paper pathWays Which links the plurality of 
printers and the at least one source of print media With 
at least one print media output destination; 

a scheduling system for scheduling printing of a set of 
images by the plurality of printers, the set of images, 
When assembled, including associated images, the 
scheduling system including at least tWo scheduling 
modes: 

a ?rst mode in Which a consistency constraint is applied 
to the set of images, the consistency constraint provid 
ing a level of consistency betWeen the associated 
images; 

a second mode, different from said ?rst mode, in Which 
the consistency constraint is not applied; and Wherein 
the printing system is con?gured for printing the set of 
images in accordance With the ?rst mode and in accor 
dance With the second mode. 

* * * * * 


